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includes incidence position changing member that changes 
the incidence position of light emitted to the eye , and driving 
unit that drives the incidence position changing member so 
as to scan at the incidence position of emitted light in a 
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is a region where a straight line passes through when the 
straight line radially extended from the cornea apex of the 
eye is circumferentially moved over a predetermined angle 
range in the case of the eye is viewed from the front . 
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OPHTHALMOLOGICAL DEVICE that can measure a dimension of a target portion of an eye 
to be examined with stability ( high probability ) along the 

CROSS - REFERENCE TO RELATED eye axis . 
APPLICATION An ophthalmological device disclosed in the present 

5 specification may include : a light source ; a measurement 
This application claims priority to U . S . patent application optical system configured to emit light from the light source 

Ser . No . 14 / 494 , 149 filed on Sep . 23 , 2014 and to Japanese into an eye to be examined and guide reflected light ; a 
Patent Application No . 2013 - 197171 filed on Sep . 24 , 2013 , reference optical system configured to split light from the 
the contents of which are hereby incorporated by reference light source and generate reference light ; a light receiving 
into the present application . 10 element configured to receive interfering light composed of 

the reflected light guided by the measurement optical system 
TECHNICAL FIELD and the reference light generated by the reference optical 

system ; and an arithmetic unit configured to calculate a 
A technique disclosed in the present specification relates dimension along the eye axis of a target portion of the eye 

to an ophthalmological device for examining an eye to be 15 from interfering light received by the light receiving ele 
examined , and particularly relates to an ophthalmological ment . The measurement optical system may include : an 
device for measuring the length ( dimension ) along the eye incidence position changing member configured to change 
axis of a target portion ( e . g . , the depth of an anterior the incidence position of light emitted to the eye ; and a 
chamber and a crystalline lens ) of an eye . driving unit configured to drive the incidence position 

20 changing member so as to scan at the incidence position of 
DESCRIPTION OF RELATED ART emitted light in a predetermined region of the eye . The 

predetermined region is a region where a straight line passes 
An ophthalmological device under development measures through when the straight line radially extended from the 

a length ( dimension ) along the eye axis of a target portion cornea apex of the eye is circumferentially moved over a 
( e . g . , the depth of an anterior chamber and a crystalline lens ) 25 predetermined angle range in the case of the eye is viewed 
of an eye to be examined . Such an ophthalmological device from the front . 
includes a measurement optical system that emits light from In the ophthalmological device , the incidence position 
a light source into an eye to be examined and guides changing member is driven by the driving unit so as to 
reflected light , and a reference optical system that emits light change the incidence position of light emitted to the eye and 
from the light source to a reference surface and guides 30 scan , in the predetermined region , the light emitted to the 
reflected light . Based on interfering light composed of eye . A keen examination by the present inventors proved that 
reflected light that is guided by the measurement optical when reflected light from the internal surfaces of the eye 
system and reflected light that is guided by the reference increases in intensity , a region having a predetermined 
optical system , the anterior surface and the posterior surface positional relationship with the cornea apex of the eye is 
of a target portion in the eye are located . When the anterior 35 likely to contain the incidence position of light . Specifically , 
surface and the posterior surface of the target portion are it is proved that reflected light is likely to increase in 
located , a dimension along the eye axis ( depth direction ) of intensity when light is incident in a region circumferentially 
the target portion is calculated based on the positions of the extended over a predetermined angle range relative to the 
anterior and posterior surfaces . Japanese Patent Application cornea apex of an eye in front view . In the ophthalmological 
Publication No . 2007 - 37984 and Japanese Patent Applica - 40 device , the predetermined region is the region circumferen 
tion Publication No . 2007 - 313208 disclose conventional tially extended over the predetermined angle range relative 
examples of such an ophthalmological device . to the cornea apex of the eye in front view , and light is 

scanned in the predetermined region . Thus , reflected light 
BRIEF SUMMARY OF INVENTION having sufficient intensity can be obtained from the internal 

45 surfaces of the eye with high probability , thereby stably 
In order to measure a dimension along the eye axis of a specifying the positions of the internal surfaces of the eye . 

target portion , e . g . , the depth of an anterior chamber and the 
thickness of a crystalline lens , it is necessary to receive light BRIEF DESCRIPTION OF DRAWINGS 
reflected from the anterior surface ( front side ) of the target 
portion and light reflected from the posterior surface ( back 50 FIG . 1 is a schematic structural diagram showing the 
side ) of the target portion . In a conventional ophthalmologi - optical system of an ophthalmological device according to 
cal device , however , it is difficult to receive reflected light the present embodiment . 
with sufficient intensity from both of the anterior and pos - FIG . 2 is a block diagram showing the control system of 
terior surfaces of the target portion . Thus , a dimension along the ophthalmological device according to the present 
the eye axis of the target portion may not be calculated . For 55 embodiment . 
example , even if light is reflected with sufficient intensity FIG . 3 shows an explanatory drawing of the function of 
from the anterior surface of the target portion so as to locate a zero - point adjustment mechanism . 
the anterior surface of the target portion , light reflected from FIGS . 4a and 4b show explanatory drawings of predeter 
the posterior surface of the target portion may not so mined regions for scanning light from a light source and 
intensive as to locate the posterior surface of the target 60 scanning lines set in the predetermined regions . 
portion . Alternatively , even if light is reflected with suffi - FIG . 5 is an explanatory drawing showing the steps of 
cient intensity from the posterior surface of the target processing an interference signal waveform obtained when 
portion , light may be reflected with insufficient intensity the optical path length of a measurement optical system is 
from the anterior surface of the target portion . In this case , scanned in a predetermined optical path length range . 
a dimension of a target portion of an eye to be examined 65 FIG . 6 is a flowchart showing an example of the steps of 
cannot be calculated along the eye axis . An object of the the process of the ophthalmological device according to the 
present teachings is to provide an ophthalmological device present embodiment . 
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FIG . 7 shows experimental results when the positions of eye is placed in substantially the same state when the 
incidence are determined by experiments so as to maximize anterior surface of the target portion is specified and when 
the intensity of reflected light from the anterior surface of a the posterior surface of the target portion is specified . Thus , 
crystalline lens ( right eye , left eye ) . a dimension along the eye axis of the target portion can be 

FIG . 8 shows experimental results when the positions of 5 calculated with high accuracy . 
incidence are determined by experiments so as to maximize In the ophthalmological device disclosed in the present 
the intensity of reflected light from the posterior surface of specification , when the eve is viewed from the front , one of 
the crystalline lens ( right eye , left eye ) . the first and second incidence positions may be located on 

one side of a vertical line passing through the cornea apex DETAILED DESCRIPTION OF INVENTION of the eye , whereas the other incidence position may be 
located on the other side of the vertical line . In an ophthalmological device disclosed in the present In the ophthalmological device disclosed in the present specification , an arithmetic unit may specify the position of 

the anterior surface of a target portion and the position of the specification , the scanning line may include the cornea apex 
posterior surface of the target portion from interfering light 15 of the eye and have a first section connecting the cornea apex 
received when light emitted to an eye is scanned in a and the first incidence position and a second section con 
predetermined region , and the arithmetic unit may calculate necting the cornea apex and the second incidence position . 
a dimension along the eye axis of the target portion from the With this configuration , light emitted to the eye can be 
specified positions . With this configuration , the interfering scanned from the first incidence position to the second 
light obtained by scanning light in the predetermined region 20 incidence position through the cornea apex . Thus , the posi 
is used so as to stably specify the positions of the anterior tion of the cornea apex , the position of the anterior surface 
surface and the posterior surface of the target portion . This of the target portion , and the position of the posterior surface 
can stably calculate the dimension along the eye axis of the of the target portion can be obtained at the same time only 
target portion . by scanning light along the scanning line . Thus , dimensions 

In the ophthalmological device disclosed in the present 25 along the eye axis can be accurately obtained . For example , 
specification , the incidence position at the acquisition of if the target portion is a crystalline lens , the thickness of the 
interfering light for specifying the position of the anterior crystalline lens ( e . g . , a dimension from the anterior surface 
surface of the target portion may be different from the to the posterior surface of the crystalline lens ) and the depth 
incidence position at the acquisition of interfering light for of the anterior chamber ( e . g . , a dimension from the anterior 
specifying the position of the posterior surface of the target 30 surface or the posterior surface of a cornea to the anterior 
portion . With this configuration , the positions of the surfaces surface of the crystalline lens ) can be obtained at the same 
of the target portion are specified from reflected light time by setting the scanning line . In other words , scanning 
obtained when light is incident at different positions of in the first section can obtain the positions of the anterior 
incidence of the eye . Thus , reflected light used for specifying surface / posterior surface of the cornea and the anterior 
the positions of the surfaces of the target portion can be 35 surface of the crystalline lens ; meanwhile , scanning in the 
sufficiently intensive . This can stably specify the positions of second section can obtain the positions of the anterior 
the surfaces of the target portion . surface / posterior surface of the cornea and the posterior 

In the ophthalmological device disclosed in the present surface of the crystalline lens . Thus , the thickness of the 
specification , when light emitted to the eye is scanned in the crystalline lens and the depth of the anterior chamber can be 
predetermined region , the arithmetic unit may specify a first 40 obtained at the same time . 
incidence position where the intensity of light reflected from In the ophthalmological device disclosed in the present 
the anterior surface of the target portion is maximized and a specification , when the eye is viewed from a front , the 
second incidence position where the intensity of light predetermined angle range is an angle range of + 20° to + 85° 
reflected from the posterior surface of the target portion is or - 20° to - 850 where ( + ) is a clockwise direction and ( - ) 
maximized . In this case , a driving unit may further drive an 45 is a counterclockwise direction with respect to a reference 
incidence position changing member such that light emitted line that is a vertical line extended upward from the cornea 
to the eye is scanned on a scanning line set so as to pass apex of the eye . As will be describe later , the above 
through the first incidence position and the second incidence mentioned angle range makes it possible to specify the 
position , and the arithmetic unit may calculate a dimension positions of the posterior surface and the anterior surface of 
along the eye axis of the target portion from interfering light 50 the crystalline lens of the eye with stability ( high probabil 
when light is scanned on the scanning line set so as to pass ity ) . The properly limited angle range allows a measurement 
through the first incidence position and the second incidence of a length along the eye axis of the crystalline lens in a short 
position . time . 

With this configuration , first , light emitted to the eye is In the ophthalmological device disclosed in the present 
scanned in the predetermined region , and then the first 55 specification , the target portion may be the depth of the 
incidence position and the second incidence position are anterior chamber from the anterior surface or the posterior 
specified . Subsequently , light emitted to the eye is scanned surface of the cornea to the anterior surface of the crystalline 
on the scanning line passing through the first incidence lens and / or the thickness of the crystalline lens from the 
position and the second incidence position . Thus , when light anterior surface to the posterior surface of the crystalline 
is scanned on the scanning line , reflected light with sufficient 60 lens . Since the normal direction of the crystalline lens is 
intensity can be received from the anterior surface of the displaced from the optical axis of the eye , light is diagonally 
target portion and reflected light with sufficient intensity can incident on the crystalline lens during measurements and the 
be received also from the posterior surface of the target intensity of reflected light from the anterior surface and the 
portion . In other words , a thickness along the eye axis of the posterior surface of the crystalline lens is likely to decrease . 
target portion can be calculated only by scanning , on the 65 Hence , the use of the ophthalmological device described in 
scanning line , light emitted to the eye . Since light emitted to the present specification can properly measure these por 
the eye is scanned on the scanning line in a short time , the tions . 
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In the ophthalmological device disclosed in the present The light receiving element 26 detects interfering light 
specification , the incidence position changing member may composed of light guided by the reference optical system 
be a lens disposed on the optical axis of light emitted to the and light guided by the measurement optical system . The 
eye . In this case , the driving unit may move the lens in a light receiving element 26 may be , for example , a photo 
plane orthogonal to the optical axis . The use of the lens 5 diode . 
disposed on the optical axis can inexpensively perform The observation optical system 50 emits observation light 
two - dimensional scanning on light emitted to the eye . The to the eye 100 through the hot mirror 48 and takes an image 
lens used as the incidence position changing member may of light reflected from the eye 100 ( that is , reflected light of 
be , for example , one of lenses constituting a beam expander . emitted observation light ) . In this case , the hot mirror 48 

10 transmits light from the light source of the observation 
First Embodiment optical system while reflecting light from the light source 12 

of the coherent optical system . Thus , the ophthalmological 
As shown in FIG . 1 , an ophthalmological device accord device of the present embodiment can simultaneously makes 

ing to a first embodiment includes a measuring unit 10 for a measurement using the coherent optical system and an 
an examination of an eye 100 . The measuring unit 10 15 observation of an anterior eye part by means of the obser 
includes a coherent optical system 14 that causes light vation optical system 50 . The observation optical system 50 
reflected from the eye 100 and reference light to interfere may be an optical system used for a known ophthalmologi 
with each other , an observation optical system 50 that cal device and thus the explanation thereof is omitted . 
observes an anterior eye part of the eye 100 , and an The zero - point adjustment mechanism 30 and the beam 
alignment optical system ( not shown ) that aligns the mea - 20 expander 40 that are provided in the measurement optical 
suring unit 10 with a predetermined positional relationship system will be described below . The zero - point adjustment 
relative to the eye 100 . mechanism 30 includes a corner cube 32 and a second drive 

The coherent optical system 14 includes a light source 12 , unit 56 ( shown in FIG . 2 ) that moves the corner cube 32 
a measurement optical system that emits light from the light forward and backward relative to the mirrors 28 and 34 . The 
source 12 into the eye and guides reflected light , a reference 25 second drive unit 56 drives the corner cube 32 along an 
optical system that emits light from the light source 12 to a arrow Ain FIG . 1 so as to change an optical path length from 
reference surface and guides reflected light , and a light the light source 12 to the eye 100 ( that is , the object optical 
receiving element 26 that receives interfering light com - path length of the measurement optical system ) . As shown 
posed of reflected light that is guided by the measurement in FIG . 3 , in the case of an optical path difference Az 
optical system and reference light guided by the reference 30 between an object optical path length from the light source 
optical system . 12 to the detection surface ( a cornea surface in FIG . 3 ) of the 

The light source 12 is a wavelength - swept ( wavelength eye 100 ( specifically , the light source 12 to the detection 
scanning ) light source that changes the wavelength of emit - surface + the detection surface to the light receiving element 
ted light with a predetermined period . In the present embodi 26 ) and a reference optical path length from the light source 
ment , the wavelength of light emitted from the light source 35 12 to the reference mirror 22 ( specifically , the light source 
12 is changed ; meanwhile , reflected light from an eye E and 12 to the reference mirror 22 + the reference mirror 22 to the 
the reference light are caused to interfere with each other and light receiving element 26 ) , the intensity of interfering light 
interfering light is measured . Fourier transform on measured composed of light reflected from the detection surface and 
interfering light ( interference signal ) can specify the posi the reference light decreases as the optical path difference Az 
tions of interior portions ( e . g . , a crystalline lens and a retina ) 40 increases . Conversely , as the optical path difference Az 
of the eye E . The light source 12 is a light source for emitting decreases , the intensity of interfering light increases . Thus , 
light with a wavelength of a 1 - um band ( e . g . , about 950 nm in the present embodiment , the object optical path length is 
to 1100 nm ) . changed by the zero - point adjustment mechanism 30 , 

The measurement optical system includes a beam splitter thereby changing a position where the reference optical path 
24 , a mirror 28 , a zero - point adjustment mechanism 30 , a 45 length matches the object optical path length ( so - called zero 
mirror 34 , a beam expander 40 , a mirror 46 , and a hot mirror point ) from the surface of a cornea 102 to the surface of a 
48 . Light emitted from the light source 12 reaches the eye retina 106 . 
100 through the beam splitter 24 , the mirror 28 , the zero - The beam expander 40 includes a convex lens 42 disposed 
point adjustment mechanism 30 , the mirror 34 , the beam closer to the light source 12 , a convex lens 44 disposed 
expander 40 , the mirror 46 , and the hot mirror 48 . Reflected 50 closer to the eye 100 , and a third drive unit 58 that moves 
light from the eye 100 is guided to the light receiving forward and backward the convex lens 42 along an optical 
element 26 through the hot mirror 48 , the mirror 46 , the axis ( Z - axis ) relative to the convex lens 44 and moves the 
beam expander 40 , the mirror 34 , the zero - point adjustment convex lens 44 in a plane ( xy plane ) orthogonal to the optical 
mechanism 30 , the mirror 28 , and the beam splitter 24 . The axis . The convex lens 42 and the convex lens 44 are disposed 
zero - point adjustment mechanism 30 and the beam expander 55 on the optical axis and changes the focal position of incom 
40 will be specifically described later . ing parallel light . In other words , the third drive unit 58 

The reference optical system includes the beam splitter 24 moves the convex lens 42 along an arrow B in FIG . 1 . Thus , 
and a reference mirror 22 . Emitted from the light source 12 the focal position of light emitted to the eye 100 changes in 
is partially reflected by the beam splitter 24 , is emitted to the the depth direction of the eye 100 . Specifically , in a state in 
reference mirror 22 , and then is reflected by the reference 60 which a distance between the convex lens 42 and the convex 
mirror 22 . Light reflected by the reference mirror 22 is lens 44 is adjusted so as to emit parallel light from the 
guided to a light receiving element 26 through the beam convex lens 44 , the convex lens 42 is moved in a direction 
splitter 24 . The reference mirror 22 , the beam splitter 24 , and that separates from the convex lens 44 , the light emitted 
the light receiving element 26 are disposed at fixed positions from the convex lens 44 is converged . If the convex lens 42 
in an interferometer 20 . Thus , in the ophthalmological 65 is moved in a direction that approaches the convex lens 44 , 
device of the present embodiment , the reference optical path light emitted from the convex lens 44 is diverged . This 
length of the reference optical system is kept constant . allows the focal position of light emitted to the eye 100 to 
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coincide with the surface of the cornea 102 or the surface of crystalline lens 104 has maximum intensity when the inci 
the retina 106 of the eye 100 . Thus , the intensity of light dence position is located in the region 108b . If the eye 100 
reflected from the surfaces of the cornea 102 and the retina is a left eye , light reflected from the posterior surface of the 
106 can be increased so as to precisely detect the positions crystalline lens 104 has maximum intensity when the inci 
of the surfaces . dence position is located in the region 108a , whereas light 

The convex lens 44 can be two - dimensionally moved in reflected from the anterior surface of the crystalline lens 104 
the plane ( xy plane ) orthogonal to the optical axis relative to has maximum intensity when the incidence position is 
the convex lens 42 . In other words , the third drive unit 58 located in the region 108b . Thus , by scanning the incidence 
two - dimensionally drives the convex lens 44 in the plane ( xy position of light emitted to the eye 100 in the predetermined 
plane ) orthogonal to the optical axis relative to the convex 10 regions 108a and 108b , the incidence position of light can be 
lens 42 . Thus , the incidence position of light from the light efficiently specified at the maximum intensity of reflected 
source 12 to the eye 100 two - dimensionally changes relative light from the anterior surface and the posterior surface of 
to the eye 100 . Specifically , in FIG . 4 , a plan view of the eye the crystalline lens 104 . In the present embodiment , 01 is 
100 , the incidence position two - dimensionally changes in + 20° , 02 is + 85° , 03 is - 20° , and 04 is - 85° . In this case , ( + ) 
the plane ( xy plane ) . For example , if the convex lens 44 is 15 denotes a clockwise direction while ( - ) denotes a counter 
moved in y direction relative to the convex lens 42 , the clockwise direction . 
incidence position also changes in y direction . Furthermore , In the present embodiment , a plurality of scanning lines 
the convex lens 44 moved in x direction relative to the 112 are set in the predetermined regions 108a and 108b so 
convex lens 42 changes the incidence position in x direction . as to cover the predetermined regions 108a and 108b ( only 
Thus , the convex lens 44 moved in x direction and / or y 20 one of the scanning lines 112 is shown in FIG . 4 ( b ) ) . As 
direction relative to the convex lens 42 changes the inci - shown in FIG . 4 ( b ) , the scanning line 112 is composed of a 
dence position in the xy plane . linear part extended from the cornea apex 110 in the pre 

In the beam expander 40 of the present embodiment , the determined region 108b and a linear part extended from the 
convex lens 42 is moved along the optical axis so as to adjust cornea apex in the predetermined region 108a . The scanning 
the focal position of light , and the convex lens 44 is moved 25 line 112 is a straight line passing through the cornea apex 
in the plane orthogonal to the optical axis so as to adjust the 110 and thus line can be completely scanned over the 
incidence position of light . The present teachings is not predetermined regions 108a and 108b . 
limited to this configuration . For example , the focal position The alignment optical system may be an optical system 
of light may be changed by moving the convex lens 44 used for a known ophthalmological device . The alignment 
instead of the convex lens 42 along the optical axis . The 30 optical system includes a detector 60 ( shown in FIG . 2 ) that 
convex lens 42 may be moved instead of the convex lens 44 detects the position of the cornea apex 110 of the eye 100 . 
in the plane orthogonal to the optical axis so as to adjust the In the present embodiment , the cornea apex detector 60 
incidence position of light . Alternatively , the focal position detects the cornea apex 110 of the eye 100 , and then the 
of light and the incidence position of light may be adjusted position of the measuring unit 10 ( specifically , the optical 
by moving one of the convex lens 42 and the convex lens 44 35 system other than the interferometer 20 in the measuring 
along the optical axis and in the plane orthogonal to the unit 10 ) is adjusted based on the detection result . This 
optical axis relative to the other lens . In the present embodi - locates the measuring unit 10 at a predetermined position 
ment , the beam expander 40 includes the two convex lenses relative to the cornea apex 110 of the eye 100 . The ophthal 
42 and 44 . The beam expander may include three or more mological device of the present embodiment includes , as 
lenses . For example , the convex lens 42 may include a 40 mechanisms for adjusting the position of the measuring unit 
plurality of lenses . 10 , a position adjustment mechanism 16 ( shown in FIG . 2 ) 
As shown in FIG . 4 , in the present embodiment , the third for adjusting the position of the measuring unit 10 relative 

drive unit 58 drives the convex lens 44 such that the to the eye 100 and a first drive unit 54 ( shown in FIG . 2 ) for 
incidence position of light emitted to the eye 100 is scanned driving the position adjustment mechanism 16 . The align 
in predetermined regions 108a and 108b . The predetermined 45 ment optical system and the cornea apex detector 60 can 
region 108a is a sector region extended over an angle range have known configurations and thus the detailed explanation 
of 01 to 02 in a circumferential direction ( clockwise direc - thereof is omitted . 
tion ) with respect to a reference line that is a perpendicular The configuration of the control system of the ophthal 
line ( y axis in FIGS . 4 ( a ) and 4 ( b ) ) extended upward from mological device according to the present embodiment will 
a cornea apex 110 of the eye 100 . The predetermined region 50 be described below . As shown in FIG . 2 , the ophthalmo 
108b is a sector region extended over an angle range of 83 logical device is controlled by an arithmetic unit 64 . The 
to 04 in a circumferential direction ( counterclockwise direc - arithmetic unit 64 includes a microcomputer ( microproces 
tion ) with respect to the reference line ( y axis ) . As has been sor ) having a CPU , a ROM , a RAM , and so on . The 
discussed , the predetermined regions 108a and 1086 may be arithmetic unit 64 is connected to the light source 12 , the first 
regions where a straight line passes through when the 55 to third drive units 54 to 58 , a monitor 62 , and the obser 
straight line radially extended from the cornea apex 110 of vation optical system 50 . The arithmetic unit 64 controls 
the eye 100 is circumferentially moved over the angle range on / off of the light source 12 , controls the first to third drive 
of 01 to 02 or 03 to 04 in the case of the eye 100 is viewed units 54 to 58 so as to drive the mechanisms 16 , 30 , and 40 , 
from the front . The dimensions of the predetermined regions and controls the observation optical system 50 to display an 
108a and 108b in radial directions ( that is , the lengths of the 60 anterior eye part image , which is captured by the observation 
straight lines ) may be each set at a predetermined length optical system 50 , on the monitor 62 . The arithmetic unit 64 
( e . g . , about 1 mm to 3 mm ) from the cornea apex . is connected to the light receiving element 26 and receives 

As shown in experimental results ( see FIGS . 7 and 8 ) , if the interference signal corresponding to the intensity of 
the eye 100 is a right eye , light reflected from the anterior interfering light detected by the light receiving element 26 . 
surface of the crystalline lens 104 has maximum intensity 65 The arithmetic unit 64 performs Fourier transform on the 
when the incidence position is located in the region 108a , interference signal from the light receiving element 26 so as 
whereas light reflected from the posterior surface of the to specify the positions of the parts of the eye 100 ( the 
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anterior and posterior surfaces of the cornea 102 , the anterior At the completion of the settings of the predetermined 
and posterior faces of the crystalline lens 104 , and the regions 108a and 108b and the scanning line 112 , the 
surface of the retina 106 ) , and calculates a dimension ( e . g . , arithmetic unit 64 selects one of the set scanning lines 112 
the depth of an anterior chamber and the thickness of a ( S14 ) . Subsequently , the arithmetic unit 64 changes the 
crystalline lens ) along an eye axis of the eye 100 . The 5 frequency of light emitted from the light source 12 ; mean 
arithmetic unit 64 is connected to the cornea apex detector while , the arithmetic unit 64 drives the beam expander 40 by 
60 and receives a signal from the cornea apex detector 60 . means of the third drive unit 58 such that the incidence 
The arithmetic unit 64 drives the position adjustment mecha position of light to the eye 100 from the light source 12 

moves on the scanning line ( S16 ) . At this point , the arith nism 16 by means of the first drive unit 54 based on the 
signal from the cornea apex detector 60 . Processing for 10 metic unit 64 processes the interference signal inputted from 

the light receiving element 26 , thereby obtaining two - di specifying the positions of the parts of the eye 100 by means mensional tomographic information at the position of the of the arithmetic unit 64 will be specifically described later . scanning line selected in step S14 . Specifically , as has been The following will discuss the steps of measuring the discussed , when the frequency of light emitted from the light thickness ( a dimension from the anterior surface to the anterior surface , to the 15 source 12 is changed , a position where the measuring light posterior surface of the crystalline lens 104 ) and the depth of and the reference light interfere with each other to generate 
the anterior chamber ( a dimension from the anterior surface interference waves is changed in the depth direction of the 
or posterior surface of the cornea 102 to the anterior surface eye 100 . Thus , as shown in FIG . 5 , the interference signal 
of the crystalline lens 104 ) of the crystalline lens 104 by outputted from the light receiving element 26 changes in 
means of the ophthalmological device of the present 20 signal intensity with time . This signal is generated by 
embodiment . As shown in FIG . 6 , first , an examiner operates interference waves of reflected light from the parts of the eye 
a switch ( a switch for inputting the start of measurement , not 100 ( the anterior and posterior surfaces of the cornea 102 , 
shown ) . At this point , the arithmetic unit 64 positions the the anterior and posterior faces of the crystalline lens 104 , 
measuring unit 10 based on the position of the apex of the and the surface of the retina 106 ) and the reference light . 
cornea 102 detected by the cornea apex detector 60 ( 810 ) . In 25 Thus , the arithmetic unit 64 performs Fourier transform on 
other words , the arithmetic unit 64 processes the signal from the signal inputted from the light receiving element 26 . This 
the cornea apex detector 60 so as to specify the position of separates , from the signal , interference signal components of 
the apex of the cornea 102 of the eye 100 . Moreover , the light reflected from the parts ( the anterior and posterior 
arithmetic unit 64 drives the position adjustment mechanism surfaces of the cornea 102 , the anterior and posterior sur 
16 by means of the first drive unit 54 to position the 30 faces of the crystalline lens 104 , and the surface of the retina 
measuring unit 14 such that the apex of the cornea 102 of the 106 ) of the eye 100 . Hence , the arithmetic unit 64 can 
eye 100 is located on the optical axis of the measurement specify the positions of the parts of the eye 100 . During the 
optical system . This adjusts the positions of the measuring processing , the scanning line 112 is scanned with light from 
unit 10 in xy direction ( vertical and horizontal directions ) the light source 12 . In other words , the arithmetic unit 64 
and z direction ( forward or backward direction , relative to 35 drives the beam expander 40 by means of the third drive unit 
the eye 100 . The positioning of the measuring unit 14 locates 58 ( specifically , the convex lens 44 is driven in a plane 
the apex of the cornea 102 at the center of an anterior eye orthogonal to the optical axis ) so as to move the incidence 
part image captured by the observation optical system 50 . position of light on the scanning line . This allows the 
Moreover , the arithmetic unit 64 drives the second and third arithmetic unit 64 to obtain two - dimensional tomographic 
drive units 56 and 58 to adjust the zero - point adjustment 40 information corresponding to the position of the scanning 
mechanism 30 and the beam expander 40 . Thus , the focus of line 112 . As described above , the intensity of light reflected 
light emitted from the light source 12 to the eye 100 is from the parts of the eye 100 changes depending on the 
located at a predetermined position of the eye 100 ( e . g . , the incidence position of light . Thus , the two - dimensional tomo 
anterior surface of the crystalline lens 104 ) . Moreover , the graphic information obtained by scanning on the scanning 
zero point where an object optical path length matches a 45 line 112 may not specify the positions of the parts of the eye 
reference optical path length is disposed at a predetermined 100 because reflected light from the parts of the eye 100 
position of the eye 100 ( e . g . , the anterior surface of the varies in intensity depending on the incidence position . 
crystalline lens 104 ) . In step S10 , the convex lens 44 of the Subsequently , the arithmetic unit 64 decides if all the 
beam expander 40 is driven only along the optical axis . scanning lines 112 set in step S12 have been measured as in 

Subsequently , the arithmetic unit 64 sets the light emis - 50 step S16 ( S18 ) . If all the scanning lines have not been 
sion region of the eye 100 ( the predetermined regions 108a measured as in step S16 ( NO in step S18 ) , the process 
and 108b in FIG . 4 ) and sets the scanning lines ( the scanning returns to step S14 to repeat processing from step S14 . This 
line 112 in FIG . 4 ) in the predetermined regions ( S12 ) . obtains two - dimensional tomographic information at posi 
Specifically , in the ophthalmological device of the present tions corresponding to all the scanning lines 112 set in step 
embodiment , the predetermined regions 108a and 108b ( 01 55 S12 . 
to 02 , 03 to 64 ) corresponding to measured portions are If the measurement of step S16 is conducted on all the 
stored in the memory of the arithmetic unit 64 . Thus , the scanning lines ( YES in step S18 ) , the arithmetic unit 64 
arithmetic unit 64 reads the predetermined regions 108a and specifies , from the two - dimensional tomographic informa 
108b from the memory according to the measured portions . tion on the scanning lines , the incidence position of light 
Subsequently , the arithmetic unit 64 sets the scanning lines 60 ( hereinafter , will be called a first position ) when light 
112 in the predetermined regions 108a and 108b so as to reflected from the anterior surface position of the crystalline 
emit light over the predetermined regions 108a and 108b . In lens 104 of the eye 100 has maximum intensity , and the 
other words , all the scanning lines 112 are scanned with light incidence position of light ( hereinafter , will be called a 
from the light source 12 , leading to light emission over the second position ) when light reflected from the posterior 
predetermined regions 108a and 108b from the light source . 65 surface position of the crystalline lens 104 of the eye 100 has 
This can obtain tomographic information on the overall maximum intensity ( S20 ) . As described above , light 
predetermined regions 108a and 108b . reflected from the parts of the eye 100 changes depending on 
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the incidence position of light to the eye 100 . Thus , the above , the interference signal obtained in step S24 includes 
interference signal obtained in light emission at an incidence the interference signal component that is sufficiently inten 
position is subjected to Fourier transform so as to separate sive to specify the position of the anterior surface of the 
the interference signal components of light reflected from crystalline lens 104 , the interference signal component that 
the parts ( the anterior and posterior surfaces of the cornea 5 is sufficiently intensive to specify the position of the poste 
102 , the anterior and posterior surfaces of the crystalline lens rior surface of the crystalline lens 104 , and the interference 
104 , and the surface of the retina 106 ) of the eye 100 at the signal component that is sufficiently intensive to specify the 
same position . The intensity of the interference signal com - positions of the anterior and posterior surfaces of the cornea 
ponent varies depending on the intensity of light reflected 102 . Since the interference signal is obtained in quite a short 
from the corresponding surface . Thus , the arithmetic unit 64 10 time in step S24 , the eye 100 is kept in substantially a 
decides an incidence position where the interference signal constant state . Thus , the arithmetic unit 64 can precisely 
component corresponding to the anterior surface position of specify the position of the anterior surface of the crystalline 
the crystalline lens 104 is maximized . The incidence posi - lens 104 , the position of the posterior surface of the crys 
tion where the interference signal component is maximized talline lens 104 , and the positions of the anterior and 
will be referred to as “ first incidence position ” . Similarly , the 15 posterior surfaces of the cornea 102 . When these positions 
arithmetic unit 64 decides an incidence position where the are specified , the arithmetic unit 64 calculates the thickness 
interference signal component corresponding to the poste of the crystalline lens 104 of the eye 100 ( a dimension from 
rior surface of the crystalline lens 104 is maximized . The the anterior surface to the posterior surface of the crystalline 
incidence position where the interference signal component lens 104 ) and the depth of the anterior chamber ( a dimension 
is maximized will be referred to as " second incidence 20 from the anterior surface or posterior surface of the cornea 
position ” . 102 to the position of the anterior surface of the crystalline 

Subsequently , the arithmetic unit 64 connects a straight lens 104 ) ( S28 ) . The calculated value is displayed on the 
line that connects “ first incidence position ” specified in step monitor 62 . As described above , the positions of the anterior 
S20 and the cornea apex and a straight line that connects and posterior surfaces of the crystalline lens 104 and the 
" second incidence position ” specified in step S20 and the 25 positions of the anterior and posterior surfaces of the cornea 
cornea apex , setting another scanning line ( S22 ) . For 102 are specified with high accuracy , thereby accurately 
example , as shown in FIG . 4 ( b ) , a first incidence position calculating the thickness and the depth of the anterior 
114 is specified in the predetermined region 108b while a chamber of the crystalline lens 104 . 
second incidence position 116 is specified in the predeter - Experimental results on scanning of positions of inci 
mined region 108a . In this case , a scanning line 112a is set 30 dence of light over the eyes of a plurality of persons will be 
as another scanning line including a straight line connecting described below . The positions of incidence include the 
the first incidence position 114 and the cornea apex 110 and incidence position of light when light reflected from the 
a straight line connecting the second incidence position 116 anterior surface position of the crystalline lens has the 
and the cornea apex 110 . maximum intensity and the incidence position of light when 
When another scanning line 112a is set , the arithmetic 35 light reflected from the posterior surface position of the 

unit 64 drives the beam expander 40 by means of the third crystalline lens has the maximum intensity . As shown in 
drive unit 58 such that the incidence position of light from FIG . 7 , on the anterior surface of the crystalline lens of a 
the light source 12 to the eye 100 moves on the scanning line right eye , the incidence position of light where reflected light 
112a while the frequency of light emitted from the light has the maximum intensity ranged from 20° to 85° clock 
source 12 is changed ( S24 ) . The scanning line 112a includes 40 wise , with a few exceptions , relative to a reference line 
“ first incidence position ” where the intensity of light extending upward from the cornea apex . On the anterior 
reflected from the anterior surface of the crystalline lens 104 surface of the crystalline lens of a left eye , the incidence 
is maximized and " second incidence position ” where light position of light where reflected light has the maximum 
reflected from the posterior surface of the crystalline lens intensity ranged from 20° to 85º counterclockwise , with a 
104 is maximized . When light from the light source 12 is 45 few exceptions , relative to the reference line . As shown in 
incident on the apex of the cornea 102 , reflected light from FIG . 8 , on the posterior surface of the crystalline lens of the 
the anterior and posterior surfaces of the cornea 102 has the right eye , the incidence position of light where reflected light 
maximum intensity . Thus , the interference signal obtained in has the maximum intensity ranged from 20° to 85° coun 
step S24 includes an interference signal component that is terclockwise , with a few exceptions , relative to the reference 
sufficiently intensive to specify the positions of the anterior 50 line . On the posterior surface of the crystalline lens of the 
and posterior surfaces of the cornea 102 , an interference left eye , the incidence position of light where reflected light 
signal component that is sufficiently intensive to specify the has the maximum intensity ranged from 20° to 85º clock 
position of the anterior surface of the crystalline lens 104 , wise , with a few exceptions , relative to the reference line . 
and an interference signal component that is sufficiently Thus , the predetermined regions 108a and 108b are set as 
intensive to specify the position of the posterior surface of 55 shown in FIG . 4 , efficiently specifying the position where 
the crystalline lens 104 . These interference signal compo - reflected light from the anterior surface of the crystalline 
nents are obtained during scanning of a scanning line . In lens is maximized and the position where reflected light 
other words , the interference signal is obtained in quite a from the posterior surface of the crystalline lens is maxi 
short time and thus these interference signal components can mized . 
be obtained while the eye 100 is substantially kept in a 60 As has been discussed , in the ophthalmological device of 
constant state . the present embodiment , the incidence position of light 
When the interference signal is obtained in step S24 , the emitted to the eye 100 is changed to specify an incidence 

arithmetic unit 64 specifies the position of the anterior position where the intensity of light reflected from the 
surface of the crystalline lens 104 from the interference anterior and posterior surfaces of a target portion ( e . g . , the 
signal , specifies the position of the posterior surface of the 65 crystalline lens 104 ) of the eye 100 is maximized . Subse 
crystalline lens 104 , and specifies the position of the anterior quently , the scanning line is set so as to pass through the 
or posterior surface of the cornea 102 ( S26 ) . As described specified incidence position , and then a measurement is 
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conducted on the scanning line to calculate a dimension regions 108a and 108b , a measurement may be conducted in 
along the eye axis of the target portion . This can stably a region ( e . g . , + 85° to + 135º and - 85° to - 135° ( + is a 
calculate a dimension along the eye axis of the target portion clockwise direction and – is a counterclockwise direction ) ) 
of the eye . Furthermore , when a search is conducted for that is set in addition to the predetermined regions 108a and 
positions of incidence where the intensity of reflected light 5 108b . With this configuration , a small predetermined region 
is maximized , the search is conducted in the predetermined can be set for an initial measurement , allowing measure 
region that is likely to contain the positions of incidence . ments of , for example , a thickness on target portions of 
This can efficiently search for positions where the intensity many persons with high efficiency ( in a short time ) . 
of reflected light is maximized . In the foregoing embodiment , the Fourier domain inter 

Moreover , in the ophthalmological device according to 10 ferometer is used . A time domain interferometer may be 
the present embodiment , the incidence position of light used instead . 
emitted to the eye 100 is moved using the convex lens 44 of 
the beam expander 40 . Thus , light emitted to the eye 100 can What is claimed is : 
be scanned at a high speed by driving the small convex lens 1 . An ophthalmological device comprising : 
44 . Moreover , by using the beam expander 40 , a mechanism 15 a light source ; 
for scanning light can be manufactured at lower cost than in a measurement optical system configured to emit light 
scanning of light with a galvanometer mirror or the like . from the light source into an eye to be examined and 

In the ophthalmological device of the present embodi guide reflected light ; 
ment , the beam expander 40 has the function of adjusting a a reference optical system configured to split light from 
focus and the function of adjusting an incidence position . 20 the light source and generates reference light ; 
Thus , the beam expander 40 can collectively have the a light receiving element configured to receive interfering 
functions of driving ( moving ) the lens . This can reduce the light composed of the reflected light guided by the 
number of components and the manufacturing cost . measurement optical system and the reference light 

Specific examples of the present teachings have been generated by the reference optical system , and 
described in detail , however , these are mere exemplary 25 an arithmetic unit configured to calculate a dimension 
indications and thus do not limit the scope of the claims . The along an eye axis of a target portion of the eye from 
art described in the claims include modifications and varia interfering light received by the light receiving ele 
tions of the specific examples presented above . ment , 

For example , in the foregoing embodiment , the thickness the measurement optical system including : 
and the depth of the anterior chamber of the crystalline lens 30 an incidence position changing member configured to 
are calculated . Dimensions may be calculated along the eye change an incidence position of light emitted to the eye ; 
axis of other portions . Unlike in the foregoing embodiment , 
it is not always necessary to measure the thickness and the a driving unit configured to drive the incidence position 
depth of the anterior chamber of the crystalline lens . Only changing member so as to scan at the incidence posi 
the thickness of the crystalline lens or the depth of the 35 tion of emitted light in a predetermined region of the 
anterior chamber may be measured . For example , if only the eye , 
thickness of the crystalline lens is measured , light may be wherein the predetermined region is a region where a 
linearly scanned on a scanning line that is set to connect the straight line passes through when the straight line 
first incidence position ( the position where maximum light radially extended from a cornea apex of the eye is 
is reflected from the anterior surface of the crystalline lens ) 40 circumferentially moved over a predetermined angle 
and the second incidence position ( the position where maxi range in the case of the eye is viewed from a front , 
mum light is reflected from the posterior surface of the when light emitted to the eye is scanned on first scanning 
crystalline lens ) . Alternatively , if only the depth of the lines in order to get a two - dimensional tomographic 
anterior chamber is measured , light may be linearly scanned information of the predetermined region , the arithmetic 
on a scanning line set to connect the first incidence position 45 unit specifies a first incidence position where intensity 
and the cornea apex . With this configuration , a desired of light reflected from the anterior surface of the target 
measurement can be made in a shorter time . portion is maximized and a second incidence position 

In the foregoing embodiment , the beam expander 40 where intensity of light reflected from the posterior 
includes the two convex lenses 42 and 44 . The configuration surface of the target portion is maximized , 
is not limited to that of the embodiment . Various configu - 50 the driving unit further drives the incidence position 
rations ( e . g . , a combination of a concave lens and a convex changing member such that light emitted to the eye is 
lens and a combination of a convex lens and a concave lens ) scanned on a second scanning line set so as to pass 
may be used . In other words , even in the case of a different through the first incidence position and the second 
configuration including a combination of a convex lens and incidence position , and 
a concave lens , the same functions ( specifically , the func - 55 the arithmetic unit calculates a dimension along the eye 
tions of adjusting a focal position and an incidence position ) axis of the target portion from interfering light when 
as in the present embodiment can be obtained . light is scanned on the scanning line set so as to pass 

In the foregoing embodiment , the incidence position of through the first incidence position and the second 
light is changed using the beam expander 40 . Other con incidence position . 
figurations may be adopted . For example , a lens disposed on 60 2 . The ophthalmological device according to claim 1 , 
an optical path may be two - dimensionally driven in a plane wherein the arithmetic unit specifies a position of an anterior 
orthogonal to the optical path ( optical axis ) . surface of the target portion and a position of a posterior 

In the foregoing embodiment , light is scanned in the surface of the target portion from interfering light received 
predetermined regions 108a and 108b so as to calculate a when light emitted to the eye is scanned in the predeter 
dimension along the eye axis of a desired portion . If a 65 mined region , and the arithmetic unit calculates a dimension 
dimension cannot be calculated along the eye axis of the along the eye axis of the target portion from the specified 
desired portion only by scanning light in the predetermined positions . 
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3 . The ophthalmological device according to claim 2 , from an anterior surface or a posterior surface of a cornea to 
wherein an incidence position at acquisition of interfering an anterior surface of a crystalline lens and / or a thickness of 
light for specifying the position of the anterior surface of the the crystalline lens from the anterior surface to a posterior 
target portion is different from an incidence position at surface of the crystalline lens . 
acquisition of interfering light for specifying the position of 5 8 . The ophthalmological device according to claim 7 , 
the posterior surface of the target portion . wherein the incidence position changing member is a lens 

4 . The ophthalmological device according to claim 3 . disposed on an optical axis of light emitted to the eye , and 
wherein when the eye is viewed from the front , one of the the driving unit moves the lens in a plane orthogonal to 
first and second incidence positions is located on one side of the optical axis . 
a vertical line passing through the cornea apex of the eye , 10 9 . The ophthalmological device according to claim 8 , 
whereas the other incidence position is located on the other wherein the incidence position changing member is one of 
side of the vertical line . lenses constituting a beam expander disposed on the optical 

5 . The ophthalmological device according to claim 4 , axis of light emitted to the eye . 
wherein the scanning line includes the cornea apex of the 10 . The ophthalmological device according to claim 1 , 
eye and has a first section connecting the cornea apex and and 15 wherein when the eye is viewed from a front , the predeter 
the first incidence position and a second section connecting mined angle range is an angle range of + 20° to + 85° or - 20° 
the cornea apex and the second incidence position . to - 85° where ( + ) is a clockwise direction and ( - ) is a 

6 . The ophthalmological device according to claim 5 , counterclockwise direction with respect to a reference line 
that is a vertical line extended upward from the cornea apex wherein when the eye is viewed from a front , the predeter 

mined angle range is an angle range of + 20° to + 85° or - 20° 20 2200 20 of the eye . 
to - 85° where ( + ) is a clockwise direction and ( - ) is a 11 . The ophthalmological device according to claim 1 , 
counterclockwise direction with respect to a reference line wherein the incidence position changing member is a lens 
that is a vertical line extended upward from the cornea apex disposed on an optical axis of light emitted to the eye , and 
of the eye . the driving unit moves the lens in a plane orthogonal to 

7 . The ophthalmological device according to claim 6 , 25 the optical axis . 
wherein the target portion is a depth of an anterior chamber 


